Results:
The needle was exactly at the target point in 5 patients in the oblique view and in 3 patients in the AP views. The needle was within 3 mm in all patients in the lateral oblique view and in 8 patients in the AP view. In the remaining 2 patients, the needle was within 5 mm from the radiologic target. In 4 patients, we were able to identify vessels at the anterior aspect of the foramen, whereas 2 patients had critical vessels at the posterior aspect of the foramen, and in 1 patient, this artery continued medially into the foramen, most likely forming or joining a segmental feeder artery. In both cases, the vessels might well have been in the pathway of a needle correctly positioned under fluoroscopic control.
Conclusions: Our case series shows the feasibility of using ultrasound imaging to guide selective cervical nerve root injections. It may facilitate identifying critical vessels at unexpected locations relative to the intervertebral foramen and avoiding injury to such vessels, which is the leading cause of the reported complications from cervical nerve root injections. A randomized controlled trial to compare the effectiveness and safety of ultrasound imaging against other imaging techniques seems warranted. C ervical radicular pain manifests as pain shooting down the upper extremity caused by irritation of the cervical spinal nerves as they exit the neural foramina. The prevalence is about 1 per 1000 members of the adult population and can be disabling to affected individuals. 1 Although conservative therapy, using exercises and analgesics, improves symptoms, its success is variable. 2, 3 Failure of conservative therapy warrants alternatives, either surgery or cervical epidural injections.
Surgery remains the mainstay of treatment. Although studies show its efficacy in relieving symptoms over the short term, its long-term efficacy is unclear. 4 Moreover, cervical spine surgery has an approximately 4% incidence of serious acute complications and requires hospitalization. 5 The alternative is cervical epidural steroid injections, which provide good shortterm symptom relief. 6 The low incidence of major complications (G1% as reported by the Bone and Joint Decade 2000Y2010 Task Force on Neck Pain and Its Associated Disorders) 5 combined with ease of administration makes them an attractive option.
The spinal nerve occupies the lower part of the foramen with the epiradicular veins occupying the upper part. The radicular arteries arising from the vertebral, ascending cervical, and deep cervical arteries lie in close approximation to the spinal nerve. Traditionally, cervical transforaminal injections have been performed under fluoroscopic guidance. 7 Real-time fluoroscopy with contrast injection is necessary to minimize intra-arterial injections. But even with strict guidelines, multiple instances of unintentional intra-arterial injections with resultant spinal cord injury have been reported. 8, 9 For example, Wallace et al 10 reported 2 cases of vertebral artery dissection and advocated using a computed tomographyYguided technique to improve the safety of the procedure. This has led some practitioners to question the use of this procedure and whether the benefits outweigh the risks. 11, 12 The use of ultrasound imaging to facilitate nerve blocks has increased recently. Ultrasound allows visualization of soft tissues, as well as nerves and vessels, and also permits visualization of the injectate around the nerve. 13, 14 Unlike fluoroscopy and computed tomography, ultrasound does not expose the patients or personnel to radiation, and the image can be performed continuously while the injectate is visualized in real time, perhaps increasing the precision of injection. Importantly, ultrasound allows visualization of spinal nerves and vessels and thus has the potential to improve safety by decreasing the incidence of injury or injection into nearby vasculature. We therefore designed this study to examine the feasibility of performing cervical nerve root injections under real-time ultrasound guidance.
MATERIALS AND METHODS
This pilot study was approved by our institutional review board, and written informed consent was obtained from all patients. We enrolled 10 consecutive patients with cervical radiculopathy supported by either magnetic resonance imaging or electromyographic findings, each of whom failed at least 6 months of conservative therapy. Those patients were referred to our institute for diagnostic and/or therapeutic cervical selective nerve root block. The procedure was performed with ultrasonography as the primary imaging tool and with fluoroscopic confirmation. Patients with severe cervical spinal stenosis or neuralgic deficits were excluded from the study.
With patients lying in the lateral decubitus position, ultrasound examinations were performed using a standard ultrasound device (Philips HD11-XL, Philips Medical Systems, Andover, MA) and a high-frequency linear array transducer (3Y12 MHz). Skin was prepared with povidone-iodine, and strict sterile precautions were observed throughout.
The transducer was applied transversely to the lateral aspect of the neck to obtain a transverse axial view. First, the cervical spinal level was determined by identifying the transverse process of the seventh and sixth cervical vertebrae (C7 and C6). The seventh cervical transverse process (C7) differs from the levels above by having a rudimentary anterior tubercle and a prominent posterior tubercle. 15 By moving the transducer cranially, the transverse process of the sixth cervical spine can be visualized, with its characteristic sharp anterior tubercle (Figs. 1A, B) ; thereafter, the consecutive cervical segments can be easily identified.
Another way to determine the cervical spinal level is by following the vertebral artery, which runs anteriorly at the C7 level before it enters the foramen of C6 transverse process in about 90% of cases. However, it enters at C5 or higher in the remaining cases, 16 and this was the case in one of our patients. If doubt remains about the spinal level and as the patient is in the lateral decubitus position, one may obtain a longitudinal midline scan by applying the transducer vertically in the midline over the cervical spinous processes and start counting from cranial to caudal (C1 arch lacks a spinous process). Once the appropriate spinal level is identified, the transverse axial view is obtained, and a 22-gauge, blunt-tip needle can be introduced just lateral to the lateral end of the transducer and advanced, from posterior to anterior, in-plane with the ultrasound beam under realtime ultrasound guidance to target the corresponding cervical nerve root (from C3 to C8) at the foraminal opening between the anterior and posterior tubercles of the transverse process, which can be easily identified as the B2-humped camel[ sign ( Figs. 2A, B) . After placement of the needle, but before injection, needle position was verified by anteroposterior (AP) and oblique lateral fluoroscopic images. Plain radiographs were read by another physician experienced in fluoroscopy-guided nerve root blocks, and the needle was adjusted if necessary. Our radiologic target point was the posterior aspect of the corresponding intervertebral foramen just anterior to the superior articular process in the oblique view and halfway between the medial and lateral borders of the articular pillars in the AP view.
The position of the needle as placed by ultrasound was considered accurate when the distance to the radiologic target point was within 5 mm. We based this distance on the results of a study concerning the spread of contrast agent during cervical medial branch block 17 ; furthermore, Eichenberger et al 18 considered this distance adequate in ultrasound-guided third occipital nerve block. Displacement of the needle from the target point was quantified after correction for the magnification effects. After proper needle placement was confirmed, 0.5 mL of contrast was injected under real-time fluoroscopy with digital subtraction to exclude intravascular injection. Then, we injected 2 mL 1% lidocaine for diagnostic blocks or 2 mL of a mixture of dexamethasone (8 mg) and 1% lidocaine for therapeutic blocks. All injections were performed under real-time ultrasonography. Neurologic examination and sensory assessment were performed 30 mins after the block by testing pinprick and cold sensations.
RESULTS
Ten patients (8 women and 2 men) were enrolled in the study, with a median age of 49 years. (range, 31Y54 years). The median body mass index was 25 kg/m 2 (range, 21Y34 kg/m 2 ). In all 10 cases, we were able to identify the cervical transverse process in the transverse axial view with the anterior and posterior tubercles as hyperechoic structures, the classic 2-humped camel sign, and the hypoechoic round or oval nerve root in-between. The cervical spinal level was correctly identified in all cases as confirmed by fluoroscopy. In 1 patient, the vertebral artery was anterior at C6, and it entered the foramen at C5 level (Fig. 3) .
The needle was exactly at the target point in 5 of 10 patients in the lateral oblique view and in 3 of 10 patients in the AP view (as we tend not to advance the needle too medially into the foramen, and the needle tip was lateral to the midsagittal plane of the articular pillar in the AP view). The needle was within 3 mm of the radiologic target in all patients in the lateral oblique view and in 8 patients in the AP view. In the other 2 patients, the needle was within 5 mm from the radiologic target (at the external foraminal opening).
In 4 patients, we were able to identify radicular arteries at the anterior aspect of the foramen (Fig. 4) , whereas 2 patients had arterial vessels in close proximity to the posterior aspect of the foramen (at C6 and C7), and in 1 patient (C6), this artery (1Y1.5 mm in diameter) continued medially into the foramen, most likely forming or joining a segmental feeder artery (Figs. 5A, B) . In both cases, these vessels were in the pathway of a needle placed correctly under fluoroscopy alone and could easily have been injured. The transducer was moved slightly cephalad until those vessels disappeared as they were placed posteriorly and inferiorly relative to the intervertebral foramen, and the needle was placed safely under real-time ultrasonographic guidance to stop just at the external opening of the foramen to avoid injury to such vessels.
All patients developed decreased cold and pinprick sensations along the corresponding dermatome in 30 mins.
DISCUSSION
Ultrasound imaging has revolutionized the field of regional anesthesia and is rapidly becoming the technique of choice in many centers. 19 The available outcome data suggest that ultrasound guidance shortens onset time, improves block success rates, and increases patient satisfactionVall without increasing block-related complications. 20Y23 In contrast, ultrasound guidance remains a technique in evolution for chronic pain management. Initial reports demonstrate its feasibility in performing stellate ganglion block, 24, 25 third occipital nerve block, 18 cervical and lumbar facet joint injections, 26,27 lumbar medial branch block, 28, 29 and periradicular injections. 30 The advantages of ultrasonography over fluoroscopy include lack of radiation exposure to both the patient (especially with repeated procedures) and the operator and real-time visualization of soft tissues (nerves, muscles, vessels, etc), visualization of needle tip advancement relevant to surrounding structures, and visualization of local anesthetic spread. The major shortcomings of ultrasonography with respect to spine injections are the bony artifacts and the limited resolution at deep levels, which may prevent good visualization of smallgauge needles. Ultrasonography may be particularly helpful in the cervical area because a multitude of vessels and other vital structures are compacted in a limited area. 31 Ma et al 32 in a survey of 1036 consecutive extraforaminal cervical blocks showed a complication rate of 1.64%, but they also reported 6 patients with transient neurologic deficits and 1 patient with global amnesia. There have been reports of fatal complications in the literature as a result of vertebral artery injury. 10, 33 But the more commonly reported serious complications were related to intravascular injections causing infarction of the spinal cord and the brainstem. 8, 9 ,34Y36 The mechanism of injury was contended to be vasospasm or the particulate nature of the steroid injectate with embolus formation after unintentional intra-arterial injection. 8, 9 Furman et al 37 showed a 19.4% incidence of unintentional intra-arterial injections during transforaminal cervical epidural steroid injections. The use of aspiration of blood was only 46% sensitive for detection, and real-time contrast fluoroscopy was deemed necessary to detect unintentional intravascular injections. Baker et al 9 showed that even real-time contrast fluoroscopy may be insufficient and recommended digital subtraction angiography for detection of unintentional intravascular injection. In our small case series, we had no unintentional intravascular injections as confirmed by digital subtraction angiography.
Current guidelines for cervical transforaminal injection technique involve introducing the needle under fluoroscopic guidance into the posterior aspect of the intervertebral foramen just anterior to the superior articular process in the oblique view to minimize the risk of injury to the vertebral artery or the nerve root. 7 Despite strict adherence to these guidelines, adverse outcomes have been reported. 8, 9 Complications may result from the presence of a critical feeder vessel to the anterior spinal artery in the posterior aspect of the intervertebral foramen that is in the pathway of the needle. 38 Ultrasonography may be useful in such circumstances as it permits visualization of vessels. Galiano et al 39 described the use of ultrasound in performing cervical periradicular injections in cadavers. They were unable to comment on the relevant blood vessels in the vicinity of the vertebral foramen, and this raised some concerns about the safety of performing the procedure with ultrasound at that time. 40 In fact, in 2 of our 10 patients, there were vessels at the posterior aspect of the foramen that could be potentially injured in the path of a correctly placed needle, if the procedure were done under fluoroscopy. These findings reconfirmed the work by Huntoon 38 on cadavers. He was able to show that the ascending and deep cervical arteries may contribute to the anterior spinal artery. More than 20% (21/95) of the foramina dissected had either the ascending or deep cervical artery or a large branch within 2 mm of the needle path for a cervical transforaminal procedure. One third of these vessels were spinal branches that entered the foramen posteriorly, potentially forming a radicular or a segmental feeder vessel to the spinal cord.
In a single-cadaver-dissection study, Hoeft et al 41 showed that radicular artery branches from the vertebral artery lie over the most anteromedial aspect of the foramen, whereas those that arise from the ascending or deep cervical arteries are of greatest clinical importance as they course medially, transversing the entire extent of the foramen. It is for this reason that we avoid advancing needles deep through the foramen, instead stopping at the external foraminal opening. Although ultrasonography provides more information about vascular structures than fluoroscopy, it can nonetheless be difficult to trace the vessels deep in the foramen as they course toward the spinal vessels. Thus, although we were successful in monitoring the spread of the injectate around the cervical nerve, we were not able to monitor the spread of the injectate through the foramen, if any, into the epidural space (because of the bony dropout artifact of the transverse process). We therefore refer to our approach as a Bcervical selective nerve root block[ rather than cervical transforaminal epidural injection (Fig. 6) .
Although our case series shows the feasibility of using ultrasound imaging to guide selective cervical nerve root injections and to visualize critical vessels in the vicinity of the external cervical intervertebral foramen, use of ultrasound imaging may be difficult in certain patients and requires some experience to adequately use it for these injections. Our study is also limited in that the assessment of visualization of landmarks was made by only one of the authors of this study (S.N.) and may be subject to bias. We emphasize that the inability to visualize critical vessels at the posterior aspect of the neuroforamen in the remaining patients does not necessarily mean they do not exist. Rather, they may be they too small to be detected by the current ultrasound technology. Although we were able to monitor the spread of the injectate in real time, ultrasonography may not reliably detect tiny intravascular injections that still can lead to neurologic injury.
In summary, ultrasound imaging can be used to obtain welldefined images of the cervical neural foramina with real-time visualization of the spinal nerves and vessels and may potentially improve the safety of the technique. It may facilitate identifying anomalous critical vessels at unexpected locations relative to the intervertebral foramen and avoiding injury to such vessels, which is the leading cause of the reported complications from cervical nerve root injections. With cervical selective nerve root block (cervical transforaminal epidural injection), there is truly no safe zone; however, there may be a safer tool. A randomized controlled trial to compare the effectiveness and safety of ultrasound imaging against other imaging techniques seems warranted to elaborate on its actual clinical utility in performing cervical nerve root injections.
